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£ 3^r ^^^1 BPSK €^^>7l ^ ^£ 

5. 4^ 16-QAM 2^- £r5L5E(Constellation Point)^) ^ «fl* 5=^ 

£ 5^ £ 4<H1 q-^-^fl 16-QAM ^oflA^ wj-^^. ^tg^. 7 ] o^v ^ 

£6^-4 ^3 ^ll^AHofl 42 ^^^>7l ^ ^5. 

^(Constellation Point)* ^-b)-^ 5.^ 

£ 9^r £r ^|2^AHo|| rtf^. 42 ig-^^- ^^^ 7 ] <^ 

^(Constellation Point)* ^B}-^ 

£ 12^ ^ofl 4€ M-Bj-VE 
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npfl ^7H]A^ ^A}^ AjJ^ fl-^-g: -^BfltflS ^Hfi^-ZL, ^51 4^71^- #<*j# ^ 

*m ^» #313. t=M ^-^1-51 ^#^^1 

<19> <^7H ^nfl^)] ^71^ #^*fl*fl -4^71^ ^f-Al^ Alj^a. ^-iL^M ^ 

JL, A]Jr ^Jl7], A}Jr «7l, ^71^ ^-S7lfe n^}7] W 

<20> Jf-Al*} A}^ ^-S-l- ^Sfl ^-JL7)<2}- ^nfl^) 4^71 # **fl 

^l -fl-^^ *o?n« shhh inm ^ safe Sfl^M 

£^^r ^M^JL, *^ ^, JSL^^r ^ ^71, ^11 ^-^HH AjJrS. 

£«*>7l ^tb 03)- 15) 7fl^» #0)51, ^2:71^ J^H^V ^^Hl ^ 
^cq ^-^-g- ^ AlJrofl C| ^ 03}- 1^1 ^f£]5E-^ 

<2i> 7 ># <£^°1 ^lH 7l^S.fe £ 3*1] t+B^ BPSKCBinary 

Phase Shift Keying) 7l#o] ojcf. oj 7 )^-& 0*}- 12} 14 -IS. ^sj-A}^ o]^ofl 
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Keying) IHHM- 3^ ^(Quadrature Amplitude Modulation : <>)^r QAM^s}- 
% U0 HJ-*M 7fl^^x^-. i&S HHS. ^ ^ 

3711 ^l<>>€-^^4 ^ u o V ^^ ^EfljL M-^ ^ °1 *|SL ^ ^2: 

<22> QAM «<Hl^r ^1^^ ^S.^ Afl#7 fl l&^l^ ^o] 

^€ ^ «m(bit)# <£<H ^ <r 5^1 ^ ^^-S.^ SA>ol^ A> 

#^*y*i »fe ^ ^ ^ ^ sm. ^ "4^r 

O + /9»^ ^ ^-oj ^ 7 ]. ^0} £ofli=, *1*|*| ^n}. o]5ltr S*rSl 

<24> ol^Tfl S>Ocj 167fl^ ^ S^^l 3r £ 4*1:2., ^l^Tfl 16 

7fl^ 7|fiS ^/^-S *rfe QAM* 16-QAM o]^ tr4- 

<25> £. 4^]Aj ^ &^o] o]e-ltb ^Jfs^ SA}^]^^ a>o]^ ^s-^sj- 

StAS. 16711 SI PlBl ^(point)* ol^Tfl f-^S.^ -a r M-3 

47B^1 ^ iUfli^ ^o] 7>^-Sl-tr. £ 4^ ^(point)^ 
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2n *Kr, n^r 2^-4 e ^)3 *\*\ 413^ ^I^H ^D^fe SA>ol^ ^ 

ol-g-^fl JSMflTll ^4. ^^«^1 Sfl^Kr ^» I 

-Jfl^ol^- ^1^^, Sfl^^Rr ^» Q-^^°l^ *13l*h=h 5£^r ^ QAM<^1 4 

«■ £ft£J£S] 3.7H 45^ 2}- ^6fl *|^EJ^ ^ »1^.3 2:^-3 3.7) S. ^B^l A] 

&t±. t[X\ ^ QAM3 3717}- 22n( n ^r 2^ ^ ^ «1^3 

7fl^fe 2n7fl7> ^4. 

<27> o.S QAM 4S7l^ I *fl^3- Q sfl^S. «<H-SLfe ^ a+ ^r^*! 

^ ^a]^ Al^l- <?i^-^ p l^ 3=^r€ 3*1 ^, 2:tJ- ^ri£(constellation point 
: SE^ 43" €^3 Hl^. ^-£-5. #«r*fl^r ^l 1 * °H ^ 

<*l€ 4l:£7> :?HJ3 ^fAS. <£*B tfl^5l « + ^ wis] *J3€ *>3, ^ 2^ 
^t3££^1 3*1*M &7fl s\ZL, olejtb W ^S7^ «L*fl ^€ ^ 

^j og ^lf7H^ *+ # &3 S^- £-3E:£3 ^# *M3 7i3« Tfl^H 

o]^ 7}$- 7i3» ^3)3 ^h^}3. ZLofl Sfl^Kr ^^7)S) O.S 

^rf. £ 5^r ole]^ 4^^. A]Z1-^ ^ O.S., ^<H^1 a+ ^"^ 7 >^^» ^ 

^ 47113 ^«(l+li, l+3i, 3+li, 3+3i)43 71 Bl* 74l^m 4^-4 *<>1 # ^ 5^4. 
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£>, = V( g -l) 2 +(j3-Q 2 
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£> 4 =V U-3) 2 +(i?-3) 2 
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ziofl tcj-e}- 4S7l^ ^ ' 0011' °] ^4. °l^^r HM 1 !^ QAM ^-S* 



3 #3 (Hard decision)*!^ <>l&m ^ Tfl^-i: 

ol&ltb ti] JH^ af^-i- 71^1^ ^$na ^o] ^(point)^ 7>^7>^1 ^-i: 

*>7fl ^ 1^>^^ ^^SH *r41€ S"^^ ^-f ^-g- e^tb & 

^. ■ ooii- <>1 <>l^?r ^^l7ie| ^i<>oi $<>)£. 

<=>} ^oflA-i &t$# «j-^ofl ^§>^ «is Ir^l-^ 

tb QAM ^€ ^l^L-l- 4a (Demodu 1 at i on ) ^J-fe- HhlH Si^i 4£ 
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<32> ^ -2-^^- ^*>7l W ^§4 <g ^^Sr ^jE.^ ^ QAM ^4 

^%^(Hard Decision)42«<HH SH4 , *r-*L3 413^ 4SL4# A ^&4 ^<fl^£. 
&SLS-^K\ ^&4r ^l^Rr 4^3 °J£- *>fe ^5L^4 ^24 ^ 

<33> o)^ 4^ ^*S*>7l -T-^d 7l^^l <£34 2^gri£4 ^ B|) 

4 Zioll 4S. ^^o)) tfl^fl ^S^pS 4^4 ^4. QAM^ 2^5.51^ a.7fl 37>4 
JL 4^ 1: *r 5£4. 3* 74 £ 8*fl 44 Sil^ 34 £o] ^ 

Bflo]31 ^- £ 104 £ ll<>fl 44 5£tt ^-i^Eflo]^ q-^x) ^ m*]4 

3^44 &fe4. 

<34> £ 74 £ 8*\] 444 5Ufe ^4 4^ 4^-4 -S-W $14. 

<35> QAM4 371 7> 22n«^l ^-f 4 ;gofl ^4*r 4^4 7fl^ 2n7fl7> 

■§= 1^ W]E«LE] n^i 4 ^44 XT ^Al^ljr a ^ ^ 4^ 44°fl 4*fl 427} 

4jl ^ n +i^ «1e «.Ei 444 2n^i^i 4^.fe 4*14 *>44 tHI*!^ 0 *! 4«fi 42 
7> 44, at!: 424 ^^>4 ^#4 *<J°?H ^4. 44 Ihfl Sl*4 42 ^ 

^14 ^<sfl sfl^Kr ^#4 441- 4= 514. 

^4# °W ' ^U^' c 14 4^ *4) 
<36> ^ 104 ^ n°fl 444 5fe 144 4^^r 4-8-4 &4. QAM4 

3.7)7} 2 2 "*1 ^ 4 ^4^ 7fl^ 2n7fl7}- *^ 4^-4 42 
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*H 1/0* 7l§o.S. ^^*mtf. 
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*M 2S ^ *W ^ ^ flc].. 

<42> [^^1] 

<43> 2 2n -QAM, n=2,3,4 •••• 

<44> [^-^2] 

<45> z}- ^ofl 7 fl^ = 2n 

<46> *fll^Sl ^-f ^"71 ^1^^ ^1^- -MtMl £ d l €^ ti lS 

fclfl 0>2fl^ ^g^H^r o]*fl^ ^^1- ^Sfl ^WV^ ^ 

<47> *1]1^ ^ HlM^ otitq- 3L7ii4 1 1' ^ #^&J3-S 

' o' * t^to 

<48> ^ t£*|) Hllf Tfl^Kr 3A5. M-Bf-lfl^^ ^ ^14. 

<49> [^*H3] 

<50> \ J \ / 2 n "! <S1 O]^ #3^,2. ' !• 

<51> =L o]St\c^ ^-f ' 0' 
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<55> hie h}^ k^Ckfe 3°l#tl 3J*r) #^^r 

<56> 4m-3 < I ^ I / 2n-k +1 ^4m-l(m=l, ,2^3)0]^ • 1' 

<57> zl o]^)o] ^-f^ ' 0' 

<58> cJ-a] ^ S^Al 4^3 < I ^ I / 2n-k+1^4m-l(m=l,----,2k-3)-i : ^ 

#^^r * 1" o] S)i #^ ' 0' ©1 ^tq-. 

<59> ifgoj wl^l: ^ «1M n+1^ 2rv7>*l^ 7fl# afll^Sl 

14^ WIS* ^*Kr y <HH1^1 aSL *|*-B^ ^ 4^1 ^ ^ 

wi^f) ^Hr S^i^Ai ^« ^lff <r&o} 0^.4 3714 £©JS ' 1' 

-i- n °}4]<>\ ^o. fe . o- # tb4.)©l ^ ^ ^ 
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ceo *H2*g3 olSfl^ =M*"-S-7l 4\n #7] *i|2^3 ^^o] 

n]Ef ^^^>7l 3*il ^-g-^JL ^ aim* #1*M 3*fl ^^-gr A} 

<ei> *|]2^3 ^ «i*f| a]E^ ^^oi *)-_oj3 ' r * #^53t^s. n. <>13^ ^4- 
' 0' ^ 

< 62 > If- tilE^ ^-it^- ^-71 *fl2^3 ^ofl ^7l*H T^J^ ^ *>3- 

^ ^ ^ BUI. 2f ^7l^|^ ^ tii^fl tilJEol ^oflAl ^ Ajl^, a ^» 

^s. ^-*K/?#°i out} *i-o_is • l- -i- n. 0133 • o- * 

<63> *il2*g3 34- Afl «1M *^*l-7l 3*fl# -T- 7\*\ ^^^s. M-¥<H>M 

^o £ ^x/f <o °J 34-3- ^-S-sfl^ ^>7l 4~id ^x 

<64> [^*H5] 

<65> |^|/ 2H" 1 ^1 ^1^ #^^r ' 1' 

<66> ZL ^3 ^-f o]Tg #^^r ' 0' 
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<72> OL ^-f #^-Sr * 0' 
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^0 2£ ^sfl^ ^t^H-H >HS. ^m*>^ ^ $14. °1 SEtb 

^ *r 5*4. 
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^^H #>I^H tfl^Kfr °l*fl» ^1 3\n ^3. ^« ^tb ?H4 

;*j_g.ofl ^M^^r Yg-g.^ O.S. <=r-*HH ^4 ^4fe 
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^V7lS. «*h 444 4*41 *<^7>7H Xl2^ ^*fl *^ * 

44 °1 n *+* *H* SMW 444^3- a* ft* 13. *14*H 
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<132> g < | # | / 2 1 <ai (m=3) 

<133> 13 < | j8 | / 2 1 ^15 (m=4) ^ '1' 

<134> ZL 0151^ ^ o. . 0 . 

<135> <! *J*fl tils SL^r W ^1 ^ tilSSl #^*HH ^» ^ ^«r^r *H 

<136> ^ <0 91 3+4) M] #*fl tilS^-Bl ^ tii^fl tilS^l ^12^^ ^HH 

<137> o)S* ^ ^ SA^H 71^51 4^7> 0>\i «1S # 

4^7} 7Wm^°\] tlfBl- +4=*^ #13| ^S7l^5l 7Mol 7}^*fl*H, 3" 

tilScfl ^» 7>*M 2^tl 7l^gr + + Sftti-. S£« 3^<M3 

cgAVol o^ol aim ^SS-J 7>^*>S-S. °H ttj-^ -fr^^ 
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[^7]Ai ^ I (^Jf) *H^1 ^ Q(*l^¥0 t a J^°1^ a^- b 
[St 1 * 3] 

Tfll^l SWI, 2)11^3 ^ wlS-^ *r4I# f& ^ 

» I J3 I / 2"-!^^ OiLi} a^M- #^£r a<>lai, nifHfe bSL £3*r 
- ^.g. ^ *|;5L gjf- ^^^^ 
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all 1*8-41 floW, *fl2^3 ^1 #*1I «UM W ^ ^ 

» 2ffSES] ^Bflofl oj-ej- ^tJ)^ ^ ^ ^ 0^.4 |^|/ 

2 n-lo] liLt} ^ S£^ ^ ^ OiH} ^iL^ | ^ | / 

2 n-lo] 1^ 3.71 14 ^"O.^ #^ ^ ^ bS. ^ *3 

[<^7H a^- b^r ^ ^olJL n£r QAM^ 371, 22"^ ^ # 

fe ^ i (^^) ^fl^^ ^ Q(^^f) 4**1 4*41 it* *M *V 
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Wj-^oflA-l ^ <r4L#3 *K ^ ^ 1 ^ 1 7 
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ZL O]^^ ^ o. ^ b 

^ 1^^^ <^^^oljl, ^Q*!)^ ^SJMJi, n^rQAM^ 3.7} , 
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